Introduction
Considerable attention has been given in the past to methods of shortening the normal rest period of plants. The agents used to break the rest have included warm baths, nutrient salts, narcotics, anaesthetics, freezing and thawing, wounding, exposure to low temperatures, and other means of stimulation. However, in spite of the variety of means available for awakening the plant, we apparently have no convincing evidence as to how any of these agents bring about this renewal of growth. While it is not certain that all treatments which break the rest period act in a similar manner, it does not appear altogether unlikely that there may be a general principle involved: that a particular internal condition, within limits, must be attained before growth can take place.
Exposure to low temperature has long been recognized and employed as a successful means of terminating the rest period. The full significance of this natural means, however, is usually not appreciated, since in most temperate climates the season of dormancy is always accompanied by relatively low temperature, and the cold weather is commonly regarded as the cause for the lack of growth, whereas, it is probably the necessary antecedent to the growth of many plants.
In some regions, as in southern California, the winter months are not always accompanied by weather cold enough to bring about a normal spring awakening of all trees. This condition in the springs of 1904, 1924, and 1926 , following unusually mild winters, prevailed to the extent that there were many acres of fruit trees completely dormant or growing indifferently increased sugar, but rather to some effect of high temperature on the protoplasm. APPLEMAN (2) reports an increase in the reducing sugar content of potato tubers under the influence of low temperature. He compared two sets of tubers, one held constantly at a growing temperature, and the other at a variable low temperature. Analyses of these two sets were made from time to time throughout the storage period. No change was found in the amounts of diastase or invertase to explain the carbohydrate changes. He states that shortening of the rest in this case did not involve protein hydrolysis; for he found no appreciable differences between the two sets in the following nitrogen fractions-proteose nitrogen, peptones, amino acids, and amides. The various forms of phosphorus, too, remained constant until after germination had begun. APPLEMAN concludes that the rest period of potato tubers is not a firmly fixed and hereditary process, as many others (21) believe to be the case regarding this period in general.
BUTLER (4) , HOPKINS (17) , and DENNY (9) have also noted the increase in sugars in potato tubers following treatments which terminate the rest period. DENNY (9) , in agreement with the findings of MPLLER-THURGAU (25) and APPLEMAN (2) , reports no consistent differences in various nitrogen constituents between awakened and dormant tubers.
Although low temperature, as an agent which breaks the rest period, has often been reported to increase the sugar content, ROSA (34) failed to obtain any shortening of the dormant period by low temperature. A high temperature (28-30O C.) did, however, have a marked accelerating effect on growth. LooMIs and EVANS (24) suggest that in vegetative organs such as corms, tubers and woody twigs, which contain stored starch, the breaking of the rest period by ethylene chlorhydrin, ether and similar compounds is connected with the hydrolysis of the starch. Bulbs, on the other hand, which contain little or no starch, are not affected by treatment with these compounds.
Concerning the effect of temperature on the chemical changes taking place in woody tissues, less definite information is available than in the case of seeds and tubers. Perhaps the explanation is to be found in the relative ease of experimentation with these smaller organs. Although there are considerable chemical data indicating the seasonal changes in parts of trees throughout the year, it is not known what course these changes would follow under different temperature conditions. PFEFFER, NEGER, DRUDE, JOST, JOHANNSEN, SPXTH, MAGNESS, and others (21) do not associate the rest period with chemical changes brought about by temperature effects, but believe that the yearly periodicity is the result of hereditary rhythm. KLEBS (21) , on the other hand, considers it to be the result of the relation of the plant to the outer world. The rest period begins, he believes, if, through a decrease in one or more factors-temperature, moisture, nutrient salts, etc.-the growth activity is lessened while assimilation continues until the accumulation of organic materials brings about an inactivation of the enzymes. HOWARD (19) who also favors this enzyme concept believes that all the phenomena connected with the entire resting phase are closely associated with the work of enzymes. He has demonstrated an increase in enzyme activity following various treatments which break the rest period. COVILLE (6) , who also associates the breaking of the rest with the work of enzymes, has advanced a more specific view. He proposes that the starch stored in the tissues is separated from the enzymes by cell membranes; but, as the result of chilling, the vital activity of the membranes is weakened, and the enzyme "leaks through" to the starch and converts it into sugar. The high osmotic pressure resulting from the increased sugar initiates the growth of the buds.
While FISCHER (13) concludes that periodicity of growth is conditioned by a periodicity of the processes of food changes, he believes that these changes in turn rest upon an hereditary periodicity of certain properties of protoplasm. He followed the starch changes in the tree throughout the dormant season and found a starch maximum from leaf fall until November, then a decrease 'during the winter months, followed by a secondary maximum in April. PERETOLCIN (31) found that in the oak the period of greatest starch content corresponded to the period of deepest rest. Working with Quercus, Fraximus, Ulmus, and Tilia, he reports a gradual conversion of starch into fats as the rest period draws to a close. WEBER (38) also reports an inverse relationship between starch and fat content in a number of species. TUTTLE (37) , working chiefly with Linnaea, an evergreen species, claims that exposure to high temperature (200 C.) caused a conversion of oil into starch in the leaves, while a reconversion into oil was brought about by an exposure for eight days to 00 C. She states that in northwestern Canada, where chilling weather sets in early in the fall, the leaves of most evergreen trees are destarched by October and that they then contain large amounts of oils.
NIKLEWSKI (27) , using excised branches of Tilia, Prunus, and Betula, quantitatively determined the amount of fats present in the branches before and after exposure to various temperatures from 10 to 220 C., and concluded that the fat content bears no relation to temperature. He does, however, report an increased sugar content in both bark and wood under the influence of low temperatures. POJARKOVA (32) found a relationship between the inversion of starch into sugar and the breaking of the rest, but reports complete absence of fats in the species investigated-Berberis, Lo-nicera, PLANT PHYSIOLOGY Amelanchier, Acer, and Corylus. Evidently the conversion of starch to fats, sometimes reported to take place, is not of universal occurrence in all trees, nor does it appear to be indispensable to the breaking of the rest period.
KLEBS (21) believes that the rest period may begin because of lack of mineral nutrients to the buds. RIPPEL (33) , however, calls attention to the fact that nitrogen and other elements are moved back from the leaves to the buds just before leaf fall, and that this increased mineral supply to the buds comes at a time when the rest period is beginning. While it is his opinion that the rest is something more than a matter of mineral supply, yet he shows the importance of mineral nutrients for continued development of the buds once their growth has been initiated.
ABBOTT (1) determined some of the chemical changes taking place at the beginning of the rest period in the tips of one-year-old peach seedlings and in the tips and bark of Grimes apple trees. The analyses show an increase during August, September, and October in sugars, starch, and total carbohydrates. The hydrogen-ion concentration of the expressed sap decreased in the fall and remained relatively low throughout the dormant season until growth began in the spring, at which time it again increased. BORESCH (3) has shown that a high temperature coupled with insufficient oxygen leads to a considerable increase in free organic acids in plant tissue. This, he believes, is the effective action of the warm bath as a method of breaking the rest. The increased production of acids and the resultant change in pH of the protoplasm, may hasten bud development.
In regard to changes in sap concentrations, LEWIS and TUTTLE (23), working with sap expressed from evergreen leaves, found an increasing osmotic pressure during the winter and a subsequent falling off in the spring. The electrical conductivity during the same period remained fairly constant, indicating that the change in osmotic pressure was due to nonelectrolytes. Sugar estimations on the sap followed in general the osmotic changes. GAIL (14) also reports that the density in the sap of leaves from pine and broad leaved evergreen shrubs increases during the 
MATERIAL
Five-year-old Bartlett pear trees, grown in Berkeley, were used for this problem. These trees were heavily pruned in the early spring so that by fall they had produced an abundance of straight upright shoots, two and a half to three feet in length. These shoots constituted an unusually uniform group of material for analytical purposes.
On October 26, twenty-four trees were defoliated and dug from the orchard, as much of the root system being preserved intact as it was practicable to accommodate in the boxes of sand in which the trees were then planted. Eight of the trees, in boxes of moist sand, were placed in cold storage at a temperature of 20 C. A similar set of eight was maintained in the greenhouse, the temperature of which was controlled so that it never dropped below 160 C. The third set of eight was placed outside the greenhouse, thereby exposing the trees to the fluctuations of temperature characteristic of the winter season in Berkeley.
SAMPLING
Each sample collected for analysis consisted of twenty-four shoots, selected from the eight trees of the set with reference to uniformity of length, size, and position on the tree. The upper two feet of each shoot, constituting about three-fourths of its total length, were used for analysis.
The first three collections of shoots, dated September 11, October 2, and October 24, were taken from the selected trees before the trees were dug from the orchard in order to ascertain the normal trend of changes before subjection to different temperatures. After the trees had been dug and moved to the three temperature conditions previously stated, collections of shoots from the three sets of trees were made approximately every two weeks throughout the winter period in order to follow the chemical changes taking place in each set under its particular temperature condition.
In all cases bark was separated from wood for individual determinations. The samples were weighed and rapidly dried in a fan-ventilated oven at 780 C. and when dry, were re-weighed for moisture determinations and ground to a fine powder, most of the particles of which were able to pass a 100-mesh screen.
ALCOHOL.IC EXTRACTION 5-gm. portions of the dry, powdered samples, were extracted in the Soxhlet apparatus with 95 per cent. alcohol to which had been added a small amount of sodium carbonate. The extract was then entirely freed from alcohol by means of a hot air blast, taken up in warm water, filtered, and made up to a volume of 200 cc. with distilled water.
ANALYTICAL METHODS
Biological methods for the determination of the carbohydrates have been used as far as practicable. The use of enzymes instead of acids in the procedures involving hydrolysis has made "clearing" of the solutions unnecessary. Because of the methods employed it is believed that the fractions reported here represent rather closely the substances named-that the fraction termed "hexose sugar" represents only hexose sugar, and similarly for the other carbohydrate contituents.
Determination of reducing value.-The SHAFFER and HARTMANN (35) iodometric method for the determination of reducing value was employed with minor variations. In all cases the cuprous oxide precipitate was collected and washed on an asbestos mat in a Gooch crucible before it was dissolved and titrated. This process eliminated substances which may in themselves have no power of reducing Fehling's solution, but which might form addition or substitution products with iodine and thereby vitiate the titration. This precaution seems to be necessary in the case of pear tissues which contain large amounts of arbutin.
Total free reducing substances were determined on a 50 cc. aliquot of the uncleared solution.
Hexose sugar.-To a 50 cc. aliquot of the extract, a small cube of Fleischmann baker's yeast (approximately 0.3 gm.) and 4 cc. of 95 per cent. alcohol were added. The solution was shaken to get the yeast into suspension and then incubated [18] [19] [20] [21] [22] [23] [24] hours at 370 C. An occasional agitation during that period facilitated the fermentation of the hexose. It was found that yeast, by means of its emulsin, would split arbutin, which, as has been mentioned, is present in pear tissues, and particularly in the bark, in relatively large amounts. In preliminary work, this often resulted in a higher reducing value after fermentation than before, due to the hydrolytic product, quinol, not fermented by the yeast. The addition of alcohol checked the activity of the yeast emulsin, but did not interfere with complete hexose fermentation. The difference between the total free reducing substances and the reducing value after fermentation represents hexose sugar.
Non-hexose free reducing substances.-This fraction is represented by the reducing value obtained after all hexose material had been fermented away by the yeast.
Sucrose.-The increase in reducing value after invertase inversion is recorded as sucrose. Wallerstein's invertase scales were employed in this determination, using 5 cc. of a 1 per cent. solution of the scales to 50 cc. of the plant extract.
It was found that "Difco" invertase was unsatisfactory when added to uncleared solutions, for a precipitation invariably resulted and often a decrease in reducing value instead of the expected increase. Presumably tannins or other substances capable of reducing Fehling's solution were precipitated by "Difco'' invertase. The scales appear to be free from this objection. Incubation was carried out at 370 C. over night. In this case, also, 4 cc. of 95 per cent. alcohol was added to the solutions with the enzyme, since the invertase was not found to be free from emulsin which would otherwise split some of the arbutin present. The invertase scales have a small blank for which correction was necessary.
Arbutin.-For hydrolysis of this rather large fraction, the enzyme emulsin was used. Commercial emulsin seemed open to the same objection stated for "Difco" invertase, namely, that when added to uncleared solutions, precipitation resulted. A very active emulsin was prepared from sweet almonds, using the method described by ONSLOW (28) . This preparation was not, however, free from invertase, and for this reason it was used in conjunction with invertase scales in order to be certain that complete inversion of the sucrose was effected as well as hydrolysis of the arbutin. Pure arbutin could be completely hydrolyzed by this emulsin within thirty-six hours at 37°C. The arbutin reported represents the difference between the reducing value after invertase inversion and that obtained after the use of emulsin plus invertase.
Starch.-To the sample residue, after extraction with alcohol, boiling water was added and the mixture allowed to boil for fifteen minutes on a hot plate. After cooling, 5 cc. of saliva and NaCL sufficient to make a 1 per cent. solution were added. Incubation was carried out at 400 C. for twenty-four hours. Continual agitation, by means of a shaker, facilitated the digestion.
Saliva was used for the digestion, in preference to Taka diastase, as being more specific for starch, since Taka diastase contains such a mixture of enzymes. Moreover, saliva has a zero blank with Fehling's solution, whereas, Taka diastase has a large one which becomes still larger if followed by acid hydrolysis.
Due to the presence of water-soluble acid-hydrolyzable material, not hydrolyzed by amylase and which therefore does not properly belong to the starch fraction, a factor, instead of the usual acid hydrolysis, was used to compute starch as glucose. The experimental curve ( fig. 1 Freezing point depression.-These determinations were made with a Beckmann thermometer, on the sap immediately after its expression. The press used for obtaining the sap exerts a pressure on the sample of 870 kilograms per cm.2, and the expression was continued until all the sap obtainable with this apparatus had been collected.
Electrical conductivity.-The conductivity of the expressed sap was determined by the standard method of Kohlrausch at 250 C.
Free organic acids anl esters.-These were determined on 10 cc. portions of expressed sap which had been preserved in alcohol. An excess of 0.1 N NaOH was added and saponification carried out in a boiling water bath. The excess base was then titrated with standard acid, using phenolphthalein as an outside indicator. The natural color of the solution made detection of the end-point difficult; hence, the results are given as only approximate. Most of the acid found was combined, but it was not ascertained whether the acids of the fresh sap are largely combined, or whether esterification had taken place during the storage of the samples in alcohol.
Results GROWTH RESPONSES Cessation of the resting condition is not abrupt, but rather a gradual transition. The growth responses of orchard and storage trees reflected this gradual dissipation of the rest; and for this reason a sharp line demarcating the resting from the active condition can hardly be drawn through a series of frequent observations. The experimental trees kept outdoors during the winter began growth in the spring at the normal awakening time. Digging of the trees in the fall evidently did not influence their time of exit from the rest period. Shoots were removed from these trees at frequent intervals throughout the winter and placed in jars of water in the warm greenhouse in order to follow the progress of the rest period. Shoots cut from the outdoor trees previous to December 7 exhibited practically no activity. Little chilling weather had been experienced up until this time. The collection of January 5 made a little growth after about three weeks in the greenhouse. This consisted chiefly of the unfolding of flower buds. Each successive collection from these trees showed a quicker and more complete response than the last. By February 4 very fair response was secured within a Week or ten days after transfer to the greenhouse, and it was judged that the rest period of the shoots from the orchard trees was over at this time.
Shoots from storage trees were capable of growth much earlier than those from the orchard set. By November 23, after four weeks in cold storage, a few flower buds opened within three weeks following the removal to the greenhouse. Here again each successive collection responded better and more quickly than the preceding one. By January 19, all buds showed considerable activity within four days after transfer to the greenhouse.
The absence of growth from the greenhouse trees was very striking. Although given warm temperature and abundance of moisture throughout the year these trees remained dormant, except for little tufts of growth around the stubs left after the removal of shoots. This growth, which was obviously the effect of wound stimulus, was decidedly localized. Except for a few terminal buds which now and then pushed out into a weak growth, there was no evidence of awakening on the part of the greenhouse trees after eleven months of external conditions favorable for growth. Shoots removed from these trees and placed in water also failed to awaken. From the temperature curve it can be seen that the resting condition of the shoots was attained before the advent of chilling weather. This is in agreement with HOWARD'S view (16) , that the beginning of the rest is due wholly to inner causes.
ANALYTICAL RESULTS Throughout the following tables and graphs the designations " orchard," "greenhouse," and "storage," respectively, refer to shoots taken from the trees maintained in the open with its uncontrolled temperature conditions, in the greenhouse where the temperature was never lower than 160 C., and in the storage at a constant temperature of 20 C. The first three collections of "orchard" material were made before the trees were dug; after which time, October 27, all trees were transplanted into boxes of sand and exposed to the temperature conditions stated for each set. As regards the effect of temperature on the hexose content (table III  and fig. 3 ) it is to be noted that-the largest accumulation occurs under the condition of lowest temperature, while in the greenhouse trees hexose fails to increase.
The non-hexose free reducing substances indicate no constant differences between the three sets of trees. While it is not definitely known what constitutes this fraction, it may include among other substances, tannins, pentoses, and quinol. The variations in amount appear to be unaffected by temperature and to bear no relation to the changes accompanying the breaking of the rest period.
The effect of low temperature on the sucrose content is very similar to its effect on hexose sugar, although even more marked (table V and figure   4 ). 19 from three sets of trees and showed no appreciable difference between the three sets. At the time of this collection, other constituents were showing maximum differences as the result of temperature. In all cases the weight of the benzene extract was very small and appeared to be largely due to pigments.
Total nitrogen (table IX) , as might be expected of trees standing in pure sand, remained practically constant. There is perhaps a tendency on the part of the bark of orchard ancl greenhouse trees to increase in nitrogen, but it will be observed that the wood of these trees decreases in nitrogen about the same extent. Possibly there was a migration of nitrogen from wood to bark at these temperatures, whereas at the low storage temperature no such transfer took place. In any event, temperature apparently does not influence the total nitrogen of the entire shoot, nor is the total amount of nitrogen in itself a factor related to growth renewal.
Little can be concluded regarding the relation of the amide nitrogen fraction to the growth responses of the trees from the three sets (table X) . There does, however, appear to be some indication from the data of orchard hexose and sucrose. Although the sugars are the only sap-soluble constituents found thus far to undergo changes comparable to the changes in freezing point depression, it does not appear likely that they could be wholly responsible for such marked freezing point differences. For this reason the depressions which would be contributed by the sugars have been subtracted from the experimental freezing point determinations, and the curves thus redrawn to exclude sugar effects ( fig. 8 ). The revised freezing point curves make it apparent that some sapsoluble substance or substances not yet accounted for show marked changes under the influence of low temperature, and that they simulate the behavior of the sugars. This observation led to the investigation of organic acids, or their esters, in the expressed sap (table XII) .
The organic acids of the sap, or their esters, occur in rather large proportions, equivalent in some instances to a 0.4 N solution. Low temperatures appear to increase the amount of this fraction, the effect being similar to the behavior of the sugars though not so marked ( figure 9 ). It is believed that the remaining difference found in the freezing point depression curves after the deduction of sugars can largely be accounted for by this fraction, although as explained before, this determination of acids is only an approximate one. The results are, however, sufficiently reliable for the conclusion that low temperatures result in appreciable changes in the acid content of the sap, these changes being similar to those which take place in the sugars and in the freezing point depression. Organic acids, or their esters, as cc. of 0.1 N NaOH to neutralize 10 cc. of expressed sap.
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.100. The changes in composition which are induced by exposure to relatively low temperatures are found to occur chiefly in the carbohydrates. The increase in sugars, although very marked and correlated with the ability of the shoots to grow, has not been established as necessary for the growth response. COVILLE (6) believes that a high concentration of sugar initiates the growth of the buds by means of the high osmotic pressure thus produced. APPLEMAN (2), on the other hand, considers the increase in sugars, resulting from exposure to low temperature, to be no essential part of the after-ripening process in potato tubers. Although a supply of soluble carbohydrates is necessary for growth, there is no positive evidence that a high accumulation of sugars must occur before growth can begin. However, the greenhouse trees did not accumulate sugars and did not grow.
The starch in all trees was shown to decrease after the fall maximum, but not to the same extent under each temperature condition. The greatest decrease occurred at the lowest temperature. Presumably the starch was converted into sugar, and the accumulation of sugars at low temperature is perhaps the result of a retarded rate of respiration. Although enough starch disappeared from the greenhouse trees to bring about a high concentration of sugar, respiration at the greenhouse temperature may have been so rapid that sugar could not accumulate. In the pear shoot the difference in sugar content between the three sets of material may thus be largely due to a difference in the respiratory rate, although it has been shown that the disappearance of starch is more marked at the lower temperatures.
The secondary starch maximum, reported by FISCHER (13) In so far as the nitrogenous constituents were examined, the results agree with the findings of APPLEMAN (2), MtUILER-THURGAU (25) , and DENNY (9) , that the cessation of the rest period is apparently not dependent upon nitrogen transformations. It is not felt, however, that the incomplete partition of total nitrogen here effected is adequate for a definite conclusion regarding this point. Although no appreciable changes were found in the total and amide nitrogen under the different temperature conditions, the amide fraction as determined constitutes such a small part of the total nitrogen that important changes may have occurred in the other forms of nitrogen which make up the large remainder.
All the constituents of the pear shoot here investigated, with the exception of starch, are much more abundant in the bark than in the wood. That this is true, also, of total soluble organic materials and electrolytes is shown by the freezing point depression and electrical conductivity of expressed sap. Not only is the bark richer in food substances, but the greatest changes under the influence of low temperature occur here. Perhaps this is explainable in that bark has a relatively greater proportion of living cells than wood. It is possible that a finer division of tissues, than the gross separation of bark from wood, should have been made before analysis. HOWARD (19) believes that the secret of the rest period resides in the buds themselves rather than in the cambium or any other tissues of the branch. HODGSON (15) found that the breaking of the rest by etherization was accompanied by a disappearance of starch from the buds.
By means of chemical stimulation, DENNY and STANTON (10) have awakened individual buds on a shoot without influencing the remaining buds. They state that the rest period is not systemic but is localized in the buds and that, therefore, any analyses to elucidate the rest period should not include other tissues. The fact should be recalled, however, that individual buds can also be awakened by injury to the stem. Injury to the bark, such as ringing, notching or bruising, will initiate the growth of buds immediately below the injury although these buds, themselves, are not touched. The writer inclines to the view that the rest period is systemic in the sense that it is common to the meristems of the entire plant whether in the bud, stem or root, and that any localized portion of the meristem will renew activity when the conditions either within that portion of meristem or in the tissues surrounding it are favorable for growth.
The theory that enzyme inactivity in the fall is responsible for the beginning of the rest period and is the result of high organic accumulation, and that enzyme reactivation, when that accumulation has been respired or otherwise removed, initiates growth in the spring, has found favor with a number of writers. In this work, however, there seems to be no evidence that enzymes could be inactivated in the fall by a high organic accumulation, or that reactivation in the spring is resumed because of the removal of that accumulation; for in both the fall and the spring there was found the reverse of the conditions proposed by the theory as regards accumulation of soluble organic materials. In the fall, throughout the period when the pear shoots were presumably entering the rest period, hexose, sucrose, and freezing point depression, which is indicative of the amount of soluble material, were relatively low; while at the time of the cessation of the rest period, the accumulation of soluble organic materials was at a peak. The accumulation of insoluble substances, such as starch, would be less liable to retard enzyme activity.
Since the changes in composition reported in this work were presumably brought about by enzymes, it is interesting, in view of the large temperature coefficients for enzyme action, that the most pronounced changes were found in the trees held constantly at such a low temperature, while the least change occurred in the trees maintained at a high temperature. Although differences in the rate of respiration have probably modified the changes occurring, certain enzyme activity was apparently greater at the low temperatures; for example, the disappearance of starch and also the formation of sucrose were greatest at 20 C. Perhaps, within the plant, the chemical equilibrium points of various reactions which are catalysed by enzymes shift with changes in temperature, or possibly the amounts of enzymes produced at the different temperatures, rather than the activity of a constant amount, may be responsible for the effect. APPLEMAN (2), however, reports no difference in the amounts of diastase or invertase activity in chilled and unchilled potato tubers, yet marked changes in the carbohydrates occurred. COVILLE 'S concept (6) , that the enzymes are separated from their substrata by membranes which become more permeable after sufficient chilling, appears to explain the results, although it is without supporting evidence.
It is apparent that further work is necessary in order to explain the effect of low temperature in bringing about the growth of plants. Several other avenues of attack on this problem of the rest period suggest themselves as being of promise. While this work indicates the changes which occur, or fail to occur, in a number of plant constituents, it does not preclude the possibility of important changes in constituents other than those investigated. In addition to a more complete analysis than was made in this work, the changes which occur in the various tissues might be determined. As 2. Trees kept in the warm greenhouse remained practically dormant throughout the year, while those exposed to cold storage and to outdoor conditions became capable of growth. The storage trees, which were subjected to a lower temperature than outdoor trees, were first to finish their rest period.
3. At frequent intervals shoots were removed from the trees for analysis in order to ascertain the changes in certain constituents taking place under each of the temperature conditions. 4 . The low temperature of the storage and the relatively low outside temperature, both of which resulted in a breaking of the rest period, brought about the following changes in the composition of the shoots: an increase in hexose sugar, sucrose, organic acids, and freezing point depression of the expressed sap, while starch markedly decreased. Little change in these constituents occurred in the trees held in the warm greenhouse.
5. No effect of the different temperature conditions was found in the following determinations: non-hexose reducing substances, water-soluble polysaccharides other than starch, arbutin, fats, total nitrogen, amide nitrogen, and electrical conductivity of expressed sap.
6. The changes reported as the result of exposure to low temperature have not been established as necessary to the initiation of growth; however, growth did not take place in the absence of these changes.
